Abstract -In this paper a simple design procedure is used with accurate formulation. It comprises a complete design of symmetrical two-line Microstrip directional coupler including physical length at the desired operational frequency. The design procedure doesn't require the prior knowledge of the physical geometry of the coupler and requires only the information of the port impedances, coupling and operational frequency. To improve the directivity, the microstrip coupler was designed by a new approach for phase velocities compensation, which utilizes a coupled-Microstrip with a single slot of unequal length on its inner edges. Using this new design, a 15-dB coupler is designed and a high directivity of 34 dB or more is obtained over a considerably wide bandwidth for GSM dual band applications. The validity of the design concept is confirmed by emsimulations.
I. INTRODUCTION
The Microstrip directional couplers are widely used in microwave applications because of the several advantages they have, i.e., manufacturability, repeatability, low cost, etc. The directional coupler is used to check and verify the power, frequency and antenna reflection of a signal at transmission stations for mobile communication. The performance requirements of directional couplers are a strong coupling to reduce the effect on the transmitted power and high directivity to suppress the interference of the reflected signal and reduce the errors in communication. However conventional architecture have a directivity of only 20dB, and there have been difficulties to achieve the higher directivity of 30 dB suitable for GSM dual band.
The existing design procedure depends on the knowledge of physical geometry of the directional coupler, i.e., design charts are used for the physical parameter versus the even and odd mode impedances. However designer only know the required coupling level, the port impedances that the directional coupler will be connected to, and operational frequency, initially. Since designers have no prior knowledge of physical dimensions for the directional couplers that will be designed, following the existing design methods can be quite cumbersome. However, their directivity somewhat poorer due to odd and even-mode wavelengths. For this reason, various techniques for improving the directivity have been proposed [1] - [5] . However, some of these techniques need complicated structures or substrates with specified physical constants, and/or the bandwidth is limited. Among them, the wiggling and slotting techniques are marked by broadband phase-velocity-compensation achieved by only a modification of patterning of the coupled-line section. The idea is based on the fact that the wiggly or slotting structure raises the odd mode inductance more strongly than that of the even mode due to the different current distributions between both modes.
In this paper a simple design procedure is used with accurate formulation [7] . It comprises a complete design of symmetrical two-line Microstrip directional coupler including physical length at the desired operational frequency. This design procedure requires the knowledge of the port termination impedances, coupling and the operational frequency. To improve the directivity, the microstrip coupler was designed by a new approach for phase velocities compensation [6] , which utilizes a coupled-Microstrip with a single slot on its inner edges. The features of this coupler are an entirely planar structure similar to the wiggly types, realization of tighter coupling than slotting type, and directivity improvement over a broad bandwidth for GSM dual band (900MHz & 1800MHz). The simulation was done using SONNET software and the values are presented for Rogers R03210 material for different coupling values.
II. DESIGN OF MICROSTRIP COUPLER

Fig. 1 Geometry of the microstrip coupler
The geometry of the Microstrip directional coupler is shown in Figure 1 . As it is outlined in the introduction section, we assume that port impedance Z o , coupling (dB) and, the operational frequency are known parameters at beginning of the design. Based on the known parameters, the proposed design procedure has the following steps.
Step 1 -Find Even and odd Mode Impedances
The even and odd impedances, Zoe and Zoo, of the microstrip coupler given in Fig. 1 
Where c is the coupling requirement and given in dB.
Step
-Find Physical Dimensions s/h and w/h
The physical dimensions of the coupler are found as follows When the spacing ratio, s/h for the coupled lines is found, we can proceed to find the shape ratio w/h for the coupled lines. The shape ratio for the coupled lines can now be found using
-Find Physical Length of the Directional Coupler
The physical length of the directional coupler can be found using 
III. NUMERICAL RESULTS
The numerical results are obtained using the analytical method described above for Rogers R03210 material with  r =10.2. Table 1 gives the complete design parameter including the length of the directional coupler for the given coupling level at the operational frequency. Z o is assumed to be equal to the port impedances and taken as 50 and f is the operational frequency and given in GHz 
IV. SIMULATION RESULTS
A 15dB conventional microstrip coupler is designed with design values are w=0.5mm, s=0.2mm, h=0.5mm, l=19mm with  r =10.2 at 1.5 GHz. The simulation was done using SONNET software and the simulated structure is shown in Figure 2 and the simulation results were shown in Figure 3 . The simulation result shows that for a conventional microstrip directional coupler the isolation was 26.09dB and coupling was 17.21dB. The directivity can be calculated as isolation -coupling. Therefore the directivity obtained was only 9dB. It can be increased up to 34dB or more by using a single slot of unequal length on its inner edge as shown in Figure 4 . A 15dB microstrip coupler is designed with a single slot of unequal length on its inner edges with design values are w = 0.5mm, s=0.2mm, h=0.5mm, l=19mm, w1=6.32mm, w2 = 5.32mm, h1=0.2mm, with  r =10.2 at 1.5 GHz. The position of the slot is selected approximately at the centre of the coupler. The simulation was done using SONNET software and the results are shown in Figure 5 . The simulation results shows that for a microstrip coupler with single slot of unequal length the isolation was 51.57dB and coupling was 17.61dB. The directivity can be calculated as isolation -coupling. Therefore the directivity obtained was 34dB. Thus a slot of unequal length on the inner edges of the coupler is used to improve the directivity using phase velocity compensation technique.
VI. CONCLUSION
In this paper, a complete design of Microstrip directional coupler is presented by introducing a simple design procedure. This procedure requires the knowledge of port termination impedance, coupling and operational frequency. And the directivity the microstrip coupler was improved using phase velocity compensation up to 34dB or more over a wide bandwidth by a new design approach, which utilizes a microstrip coupler with a single slot of unequal length on its inner edges. The designed microstrip coupler can be used for GSM dual band (900MHz & 1800MHz) applications. The design concept was verified using em simulations.
